Abstract. Our previous studies demonstrated that traditional Chinese herbal medicine 'Songyou Yin' inhibited the growth and invasion of hepatocellular carcinoma (HCC) cells, and altered epithelial-mesenchymal transition (EMT) markers in oxaliplatin-treated HCC tissues and cell lines. In the present study, we aimed to explore whether astragaloside IV (AS-IV), a component of 'Songyou Yin', can affect the growth and invasion of HCC cells and the underlying mechanism involved. Human HCC cell lines Huh7 and MHCC97-H, with low and high metastatic potential, respectively, were treated with increasing doses of AS-IV. The Cell Counting Kit-8 (CCK-8), plate clone formation, Transwell, wound healing and immunofluorescence assays were used to investigate the effects of AS-IV on HCC cell proliferation, migration and invasion. The protein expression levels were analyzed by western blotting and immunofluorescence assay. The CCK-8 and plate clone formation assays showed that AS-IV had little effect on the proliferation of HCC cells in vitro. However, the Transwell and wound healing assays demonstrated that AS-IV inhibited the migration and invasion of HCC cells in a dose-dependent manner and the morphology of HCC cells was altered from spindle into oval shaped in the AS-IV pretreated groups. The upregulation of E-cadherin and downregulation of N-cadherin, vimentin, α-SMA and Slug were also observed in the AS-IV pretreated groups. Additionally, AS-IV treatment resulted in a profound decrease in the phosphorylated forms of Akt and GSK-3β, which in turn inhibited the expression of β-catenin. Thus, we conclude that AS-IV attenuates the invasive and migratory abilities of HCC cells through the inhibition of EMT by targeting the Akt/GSK-3β/β-catenin pathway.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most prevalent cancer among men and the ninth most common cancer among women worldwide (1) and it is the third leading cause of cancer-related deaths in China (2) . Surgical resection is regarded as the primary therapy for early-stage HCC with a 5-year survival rate of ~60-70% in patients who have undergone surgical treatment (3, 4) . However, postoperative recurrence is very common (5) and intrahepatic metastases, vascular invasion and satellite foci are the main reasons for this recurrence (4) . Therefore, it is urgent to understand the mechanisms involved in HCC metastasis. Activation of the epithelial-mesenchymal transition (EMT) process is considered to be a critical event for the metastasis of tumors, particularly in the early stage (6) . After EMT, HCC cells lose their epithelial phenotype with the downregulation of E-cadherin and transform to a mesenchymal phenotype with the upregulation of multiple mesenchymal genes (N-cadherin, vimentin and α-SMA) (6) .
Chinese herbal medicine has been demonstrated to have a therapeutic effect on tumors (7, 8) . The Chinese herbal medicine 'Songyou Yin' (SYY) contains 5 Chinese medicinal herbal extracts with chromatographic fingerprints in the following ratios (w/w): Astragalus membranaceus Bge, 14.3%; Salvia miltiorrhiza Bge, 14.3%; Lycium barbarum L., 23.8%; Crataegus pinnatifida Bge, 23.8% and Trionyx sinensis Wiegmann, 23 .8% (all from China) (9) . In our previous studies, we found that SYY suppressed the growth and invasion of HCC cells (9) . Furthermore, SYY also enhanced the sensitivity of HCC cells to chemotherapy through the inhibition of the stemness of the hepatoma cells (10) . Astragalus membranaceus is a traditional Chinese herb. It is usually used to treat edemas of acute nephritis, colds, vulnus and many other diseases (11) . Various recent studies demonstrated that Astragalus membranaceus has also anticancer bioactivity (12) (13) (14) . Due to its complex composition and the lack of scientific basis to support its effects, it may be useful to investigate which of its components has an antitumor effect. Astragaloside-IV (AS-IV; chemical name, 3-O-β-D-xylopyranosyl-6-O-β-Dglucopyranosyl-cycloastragenol) is a primary bioactive constituent of Astragalus membranaceus (15) , which has an explicit chemical formula and an exact molecular weight (16, 17) (Fig. 1A) . It was reported that AS-IV enhanced the expression of smad7 to suppress the TGF-β1 induced EMT of peritoneal mesothelial cells (18) . Additionally, various studies also proved that AS-IV was able to decrease the production of reactive oxygen species (ROS), thus, glycated albumin induced EMT which was inhibited in renal tubular cells (19) . Our previous study also showed that SYY functioned in changes in EMT-related genes in oxaliplatin-treated HCC tissues and cell lines (20) . In the present study, the aim was to investigate the effects of AS-IV on the proliferation, invasion and migration of HCC cells and the underlying mechanisms involved.
Materials and methods
Cell line culture. The human HCC cell line Huh7 with low metastatic potential was obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China), and the human HCC cell line MHCC97-H with high metastatic potential was established at the authors' institution (Liver Cancer Institute, Fudan university, Shanghai, China) (21) . All the HCC cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Invitrogen, Carlsbad, CA, uSA) containing 10% fetal bovine serum (FBS) and 100 u/ml penicillin and 50 mg/ml streptomycin. All cells were incubated at 37̊C with a humidified atmosphere of 5% CO 2 .
Reagents and antibodies. In the in vitro study, an AS-IV monomer (purchased from the National Institutes for Food and Drug Control, Beijing, China), a lyophilized powder with a purity of 99.99%, first dissolved in dimethyl sulfoxide (DMSO) and then diluted with phosphate-buffered saline (PBS) to the required concentration, was used in the assays. GSK690693 (Selleck Chemicals, Houston, TX, uSA), an Akt-specific inhibitor was first dissolved in DMSO, and then added to the cell culture medium for the required concentration. Antibodies used for immunofluorescence and immunoblotting were as follows: rabbit anti-human monoclonal E-cadherin, rabbit anti-human monoclonal N-cadherin, rabbit anti-human monoclonal vimentin, rabbit anti-human monoclonal Slug (all from Cell Signaling Technology, Beverly, MA, uSA), rabbit anti-human monoclonal α-SMA (Abcam, Cambridge, uK), rabbit anti-human monoclonal P-AKT and rabbit anti-human monoclonal AKT (both from Cell Signaling Technology), rabbit anti-human monoclonal β-catenin (Abcam), mouse anti-human monoclonal GAPDH and mouse anti-human monoclonal β-tubulin (both from Beyotime, Haimen, China).
Cell proliferation assays. Huh7 and MHCC97-H cells were incubated with different concentrations of AS-IV for 72 h, and then plated in 96-well plates and exposed to increasing doses of AS-IV for 24, 48 and 72 h. Cell proliferation assays were performed by the Cell Counting Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto, Japan). The optical density was read at a wavelength of 450 nm. For colony formation assays, we counted one thousand cells which were added to 6-well plates (Corning Inc., Corning, NY, uSA), and cultured with 1% FBS DMEM with various concentration of AS-IV. The medium was changed every 4 days. After 14 days, ice-cold 4% paraformaldehyde was used to fix the colonies. The colonies were stained with crystal violet and the images were captured using a camera.
Cell migration and invasion assays. Quantitative cell migration and invasion were assessed using Transwell assays (Boyden chambers; Corning Inc.). First, Huh7 and MHCC97-H cells were pretreated with different doses of AS-IV for 72 h. Due to their different biological characteristics, such as morphology and mobility, ~5x10 4 Huh7 cells/well and 3x10 4 MHCC97-H cells/well in DMEM, respectively, were added into the upper chamber of each well of 24-well plates containing 8.0-µm pore size membranes, and the lower chamber was filled with DMEM containing 5% FBS. Cells were allowed to migrate for 24 h at 37̊C. The crystal violet was used on stained cells that had reached the underside of the membrane. Finally, 5 random fields were photographed at a magnification of x100, and the number of stained cells was counted. Transwell assays to assess the invasion were similarly performed except that 90 µl diluted Matrigel (1:9 DMEM; BD Biosciences, San Jose, CA, uSA) was added into each well 3 h before cells were seeded in the upper chamber.
The wound healing assay was also used to evaluate cell migration. Briefly, ~5x10 5 HCC cells/well were added into 6-well plates. Cells were incubated overnight to produce a confluent monolayer. A 10-µl pipette tip was used to make a straight scratch on the monolayer of the cells attached to the bottom of a Petri dish. The suspended cells were washed 3 times with PBS. Then, FBS-free DMEM with various concentrations of AS-IV were added to each well for 24 h. The wound area was photographed under an inverted microscope at 0 and 24 h.
Immunofluorescence assays. HCC cells were first pretreated with increasing doses of AS-IV. Then, ~4x10 4 cells/well were added into a glass bottom dish. After cells attached to the bottom, 4% paraformaldehyde was used to fix the cells for 15 min at room temperature. Then, cells were treated with 0.2% Triton X-100 for 15 min with the purpose of permeabilization and incubated in a blocking buffer (5% BSA in PBS, pH 7.4) at room temperature for 30 min. Subsequently, the cells were incubated with the respective primary antibody overnight at 4̊C. The next day, the cells were incubated with the corresponding FITC-conjugated secondary antibody (Beyotime) in the dark for 60 min at room temperature, and DAPI solution was added in the last 10 min during this process. The cells were observed and photographed under a fluorescence microscope.
Western blotting. Cells were lysed using ice-cold RIPA buffer (150 mM NaCl, 50 mM Tris-HCl, pH 8.0, 0.1% SDS, 1% Triton X-100) containing protease and phosphatase inhibitors.
Equal amounts of proteins from each group were subjected to SDS-PAGE gel and transferred to polyvinylidene difluoride (PVDF) membranes. The membranes were blocked with 5% fat-free milk for 1 h, and then incubated with the respective primary antibody overnight at 4̊C. Afterwards, the membranes were washed in Tris-buffered saline with Tween-20 (TBST) 3 times and incubated with the corresponding HRP-conjugated secondary antibody for 1 h at room temperature. Blots were visualized with an enhanced chemiluminescence (ECL) detection kit (Millipore, Bedford, MA, uSA) and analyzed using Quantity One 1-D Analysis Software (Bio-Rad, San Francisco, CA, uSA).
Statistical analysis.
All the experimental data were analyzed using Excel 2016 for Windows (Microsoft, Redmond, WA, uSA) and SPSS 19.0 for Windows (SPSS, Inc., Chicago, IL, uSA). An unpaired Student's t-test was used to compare quantitative variables and a level of p<0.05 was considered to indicate a statistically significant result.
Results

AS-IV suppresses HCC cell migration and invasion, but not proliferation.
A series of increasing doses (0-100 µg/ml) of AS-IV was used to treat MHCC97-H and Huh7 cells in the CCK-8 and plate clone formation assays, in order to evaluate the effects of AS-IV on MHCC97-H and Huh7 cell proliferation. In the CCK-8 assay, there were no significant differences in cell proliferation or apoptosis between each of the groups at any of the time-points, as shown in Fig. 1B and C at 72 h. In addition, in the plate clone formation assay (2 weeks), the results demonstrated that the average clone formation rate was not significantly different between each group (Fig. 1D-F) . Consequently, we chose 10, 50 and 100 µg/ml of AS-IV for further experiments. In order to evaluate the effects of AS-IV on HCC cell migration and invasion, Transwell assays were performed. After 24 h, we stained the cells that had passed through the chamber membrane and counted the number of cells from each group. Compared with the control group, the number of migrating cells pretreated with AS-IV decreased with increasing AS-IV concentration. The relative percentage of migratory Huh7 cells treated with 10, 50 and 100 µg/ml AS-IV was 57.6±3.4, 33.5±2.2 and 20.7±1.8% compared to the control group, respectively ( Fig. 2A and B) . The relative percentage of migratory MHCC97-H cells treated with 10, 50 and 100 µg/ml AS-IV was 51.3±5.2, 29.7±1.1 and 27.7±0.5% of control group, respectively ( Fig. 2A and B) .
In the wound healing assay, we found that AS-IV significantly suppressed the wound healing in the experiments with both Huh7 and MHCC97-H cells. The closure rates of Huh7 cells treated with 0, 10, 50 and 100 µg/ml AS-IV were 32.6±1.9, 17.5±0.6, 10.3±0.6 and 3.7±0.7%, respectively ( Fig. 2C and D) . The closure rates of MHCC97-H cells treated with 0, 10, 50 and 100 µg/ml AS-IV were 44.1±3.4, 29.1±1.3, 21.5±1.2 and 19.2±2.5%, respectively ( Fig. 2E and F) .
Transwell assays with Matrigel further revealed that AS-IV clearly restrained the invasive capacity of Huh7 and MHCC97-H cells as compared with the control group. In the group of Huh7 cells treated with 10, 50 and 100 µg/ml of AS-IV, the relative percentage of migratory cells was 76.2±2.3, 39.3±2.8 and 29.1±2.0% compared to the control group (Fig. 3A and B) . In the group of MHCC97-H cells treated with 10, 50 and 100 µg/ml of AS-IV, the relative percentage of migratory cells was 79.5±6.0, 17.8±0.8 and 16.2±1.0% compared to the control group (Fig. 3A and B) .
In order to further demonstrate these results, we studied AS-IV-induced cytoskeletal and morphological changes in Huh7 and MHCC97-H cells. The Huh7 and MHCC97-H cells with spindle-shaped cellular morphology and stretched F-actin fibers were altered to a cobblestone appearance and shrinkable F-actin fibers after incubation with AS-IV (Fig. 3C) .
AS-IV suppresses EMT in HCC cells.
The aforementioned results demonstrated that after AS-IV treatment, the morphology of HCC cells changed from a spindle into an oval shaped. In addition, the mobility and invasion of HCC cells were inhibited compared with the control group. We speculated that AS-IV inhibits EMT in HCC cells. Western blotting was used to further examine the effects of AS-IV on epithelial marker (E-cadherin) and mesenchymal markers (N-cadherin, vimentin, Slug and α-SMA). After incubating Huh7 cells with 10, 50 and 100 µg/ml AS-IV for 48 h, the expression level of E-cadherin significantly increased to 1.77±0.10-, 1.78±0.07-and 1.92±0.04-fold compared with the control group ( Fig. 4A and C) . Conversely, mesenchymal markers markedly decreased. The expression level of N-cadherin decreased to 0.55±0.04-, 0.43±0.03-and 0.57±0.02-fold compared to the control group (Fig. 4A and D) . The same phenomena were observed in the MHCC97-H cells treated with AS-IV; the increased expression of E-cadherin was accompanied by decreased expression of mesenchymal cell markers (Fig. 4B) .
In order to further validate the aforementioned results, we performed an immunofluorescence assay to test the influence of AS-IV on E-cadherin and vimentin in both cell lines. After incubating both cell lines with AS-IV for 48 h, we found that AS-IV greatly increased E-cadherin expression and significantly decreased vimentin expression in a concentration-dependent manner (Fig. 4E) .
AS-IV inhibits EMT in HCC cells through the regulation of the
Akt/GSK-3β/β-catenin pathway. Various signaling pathways have been proven to play important roles in the EMT process.
It has been confirmed that the oncogenic serine/threonine kinase AKT regulates EMT in many tumors (22, 23) . AKT suppresses transcription of the E-cadherin gene, resulting in the decrease of E-cadherin protein expression and loose intercellular junctions (24) . In order to verify whether AKT could be modulated by AS-IV, western blotting was performed. The results demonstrated that AS-IV attenuated the expression of phosphorylated AKT (P-AKT), particularly at the dose of 100 µg/ml (Fig. 5A) .
A previous study showed that phosphorylated Akt suppresses the activity of GSK-3β by phosphorylating its Ser9 residues, which is accompanied by the accumulation of β-catenin in the nucleus and activation of the Wnt pathway. In the present study, we found that 50 and 100 µg/ml of AS-IV markedly downregulated the phosphorylation level of GSK-3β in both Huh7 and MHCC97-H cells, as compared with the control group (Fig. 5B) .
Past studies have suggested that once the expression of E-cadherin is suppressed, the β-catenin/E-cadherin complex at the cell membrane is also destroyed and a massive amount of β-catenin enters the nucleus (25, 26) . Therefore, the influence of AS-IV on the expression of β-catenin was investigated. The results showed that 10 and 50 µg/ml of AS-IV had little influence on β-catenin in both cell lines, but the concentration of 100 µg/ml of AS-IV significantly suppressed the expression of the β-catenin protein (Fig. 5C) . Next, we investigated the effects of AS-IV on the location of the β-catenin protein.
The results from western blotting demonstrated that 100 µg/ml of AS-IV inhibited the accumulation of β-catenin in the nucleus as compared with the control group in both HCC cell lines (Fig. 5D) .
In order to further confirm the relationship between AS-IV and the Akt/GSK-3β/β-catenin pathway, GSK690693, an AKT inhibitor, was used to incubate Huh7 and MHCC97-H cells with or without AS-IV for 24 h. The results demonstrated that GSK690693 increased the phosphorylation level of AKT at the Ser473 site in both cell lines (Fig. 6A) . This was consistent with the feedback mechanism previously demonstrated (27, 28) . In addition, treatment with GSK690693 decreased the phosphorylation level of GSK-3β and the expression level of β-catenin in the Huh7 and MHCC97-H cells (Fig. 6A) . GSK690693 also inhibited the occurence of EMT in both cell lines (Fig. 6B ). In the group using both the AS-IV and GSK690693, the level of P-AKT at the Ser473 site was decreased, while, the P-GSK-3β level was further decreased in both cell lines (Fig. 6A) . In addition, the expression of β-catenin was also inhibited (Fig. 6A) . The results of western blotting also demonstrated that using AS-IV and GSK690693 together increased the epithelial marker (E-cadherin) and decrease the mesenchymal markers (N-cadherin, vimentin, Slug and α-SMA) more effectively in the HCC cells (Fig. 6B) . Collectively, these results suggest that AS-IV inhibits the EMT of HCC through the modulation of the Akt/GSK-3β/β-catenin pathway (Fig. 7) .
Discussion
Invasion and metastasis are the main causes of tumor relapse, and are regarded as important characteristics of HCC. EMT plays an important role in the process of tumor invasion and metastasis, particularly in the early stage (6). Traditional Chinese medicine contains a variety of active ingredients. Figure 6 . Confirmation of the relationship between astragaloside IV (AS-IV) and the Akt/GSK-3β/β-catenin pathway using the Akt inhibitor. (A) The results from western blotting demonstrated that the phosphorylation level of Akt (P-AKT) at the S473 site was increased in the GSK690693-treated group (10 µM) and could be decreased by combining AS-IV (100 µg/ml) and GSK690693 (10 µM). The phosphorylation of GSK-3β (P-GSK-3β) (Ser9) and the expression of β-catenin were inhibited by AS-IV (100 µg/ml), GSK690693 (10 µM) and their combined use. (B) The results from western blotting also revealed that both AS-IV (100 µg/ml) and GSK690693 (10 µM) upregulated the expression of E-cadherin and downregulated the expression of N-cadherin, vimentin, α-SMA and Slug. Thus, the combination of the two may be more effective.
Many types of ingredients play a role in the inhibition of tumor metastasis (29) . In the present study, we investigated the effects of AS-IV on HCC cell proliferation and metastasis in vitro. Our results demonstrated that AS-IV had little effect on the proliferation of HCC cells in vitro. However, we found that AS-IV inhibited the invasion and metastasis of HCC cells in a concentration-dependent manner in vitro. Moreover, AS-IV significantly enhanced the expression of E-cadherin and suppressed the expression of mesenchymal markers in HCC cells, along with morphological changes in Huh7 and MHCC97-H cells after incubation with AS-IV, indicating that AS-IV inhibits the EMT of HCC cells.
EMT is a process involved in the conversion of early tumors to aggressive malignancies. Tumor cells undergoing EMT lose their epithelioid phenotype and gain more mesenchymal cell-like features and then intercellular adhesion is reduced and cells acquire invasive ability. Thereby, tumor cells can penetrate the microvascular basic membrane more easily and be transported through the circulation to distant sites (6, 30, 31) . Previous investigations have proven that some constituents of Chinese medicine function as suppressors of EMT (32) (33) (34) . Our research team also confirmed that SYY inhibited the occurrence of EMT in HCC (20) . However, it was not clear which ingredients of SYY played this role. In the present study, we demonstrated that after incubation with AS-IV for 48 h, the expression level of the E-cadherin protein was significantly increased and the mesenchymal markers (N-cadherin, vimentin, α-SMA and Slug) were markedly decreased in both the Huh7 and MHCC97-H cell lines. E-cadherin acts as a tumor suppressor in many types of tumors, since its gene is always inactive in a variety of tumors and activation of the transcription of its gene is sufficient to limit the invasion and metastasis of tumor cells (35) (36) (37) . The results revealed that AS-IV not only increased the protein level of E-cadherin but also promoted the accumulation of the E-cadherin protein on the cell membrane, thus the cell-cell junctions became more compact and tumor cells were less able to spread. Additionally, AS-IV also downregulated the expression of Slug, which acts as a suppressor of E-cadherin transcription (38, 39) , thus, AS-IV promoted E-cadherin transcription to some extent.
In the present study, we also revealed the underlying mechanism by which AS-IV suppresses EMT in HCC cells. AKT is commonly regarded as a cancer gene and is overexpressed in many types of solid tumors (40) (41) (42) . It participates in many basic cellular processes, and it has a close relationship with EMT in cancer (23) . The activation of AKT leads to the loss of tumor cell-cell junctions, disruption of tumor cell polarity and morphological changes of tumor cells, enhancing tumor cell motility (43, 44) . Furthermore, AKT was confirmed to suppress the transcription of the E-cadherin gene by binding to Ets sites and palindromic E-boxes (45) . Our results showed that the phosphorylation level of the AKT protein gradually decreased with the increase in the concentration of AS-IV. This was consistent with the inhibition of tumor motility and the increase in the E-cadherin protein. Moreover, the Akt inhibitor GSK690693 was used to further investigate the relationship between AS-IV and AKT. The results from western blotting showed that GSK690693 significantly upregulated the phosphorylation of the AKT protein at the S473 site, as previously described (27, 28) . However, after treating the cells with AS-IV as well, the phosphorylation of AKT at the S473 site was downregulated. This further illustrated that AS-IV restricted the activity of AKT.
Wnt /β-catenin is a cr itical pathway for EMT. Accumulating evidence suggests that the Wnt/β-catenin pathway induces EMT in different tumors (46, 47) . Blocking Wnt/β-catenin-induced EMT suppresses cancer metastasis and progression (47, 48) . Previous studies demonstrated that β-catenin forms a complex with E-cadherin on the cell membrane and that downregulation of E-cadherin leads to the release of β-catenin and the translocation of β-catenin to the nucleus, fully activating the Wnt/β-catenin pathway (25, 26) . Furthermore, β-catenin is also modulated by GSK-3β. It has been proven that GSK-3β induces the phosphorylation of β-catenin and forces it to undergo ubiquitin/ proteasome-mediated degradation (45) . GSK-3β is also a proven target gene of AKT and phosphorylated Akt is known to induce an inactive form of GSK-3β by phosphorylating its Ser9 residues (49) . This constitutes an important event in the stabilization of β-catenin and its subsequent translocation to the nucleus. Our results showed that AS-IV and GSK690693 markedly decreased the phosphorylation of Ser9 residues of GSK-3β respectively, and it was more effective by combining them together, which was consistent with previous studies (49) . This indicated that AS-IV relieved the inhibition of GSK-3β by downregulating the phosphorylation of Akt, and may have a regulatory role in the expression and location of β-catenin. Western blotting was performed to examine the effect of AS-IV on the expression and location of the β-catenin protein. We found that both 100 µg/ml of AS-IV and 10 µM of GSK690693 significantly inhibited β-catenin expression. Additionally, the accumulation of β-catenin in the nucleus was also decreased after treatment with 100 µg/ ml of AS-IV. In addition, the results from western blotting demonstrated that the treatment of Huh7 and MHCC97-H cells with both AS-IV and GSK690693 at the same time, could inhibit the process of EMT more significantly. These results confirm that Akt/GSK-3β/β-catenin is an objective pathway by which AS-IV suppresses EMT in HCC cells.
However, this study still has some deficiencies. Our results demonstrated that 10 and 50 µg/ml of AS-IV have little effect on β-catenin and this may be because the dosage is not enough, or there may exist other signaling pathways that modulate EMT that could be mediated by AS-IV. In addition, our preliminary investigation did not explore the effects of AS-IV on the tumor microenvironment in order to achieve the inhibition of tumor metastasis and invasion.
In conclusion, the present study demonstrated that AS-IV suppressed the invasion and metastasis of HCC cells. In addition, the in vitro assays confirmed that the inhibitory effect of AS-IV on EMT was achieved by targeting the Akt/GSK-3β/β-catenin signaling pathway. AS-IV, is an important component of SYY and our results highlighted its potential as an adjuvant therapy for the treatment of HCC.
